Introduction
In March 2015, the US Food and Drug Administration (FDA) approved the first biosimilar product, filgrastim-sndz (Zarxio ® ; Sandoz Inc., Holzkirchen, Germany), for the same indications as the originator product, filgrastim (Neupogen ® ; Amgen Inc., Thousand Oaks, CA, USA). 1 Outside the US, several biosimilars are approved under guidelines adopted by the European Medicines Agency, Health Canada, and the World Health Organization. [2] [3] [4] Thus, biosimilars are an increasingly available treatment option for many diseases. Several additional biologic therapies have upcoming patent expirations; therefore, approval of more biosimilars is expected. In anticipation 
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Jacobs et al of these approvals, an increased need for patient education exists so that patients can make informed decisions about biosimilars as treatment options. Topics for patient education about biosimilars and biologic therapies should include the definition of a biosimilar and how they differ from smallmolecule generics, regulatory approval of biosimilars, the potential impact biosimilars may have on disease treatment by increased access to care, and knowledge of and enrollment in clinical trials for biosimilars.
The term "biosimilar" refers to a biologic product developed such that there are no clinically meaningful differences between the biosimilar and an existing licensed, originator biologic in terms of efficacy, safety, and immunogenicity. [4] [5] [6] Both originator biologics and biosimilars are typically large, structurally complex proteins; even minor changes in manufacturing processes can produce posttranslational structural differences. 4, 5 In contrast, the term "generic medicines" refers to small-molecule drugs, typically synthesized using chemical processes with demonstrated structural equivalence to the originator small-molecule product. 4 As a result, biosimilars cannot be considered identical or generic equivalents to the originator biologic. 4, 5 Thus, the regulatory process for biosimilar approval is not the same as that used for smallmolecule generics and regulatory agencies have developed specific guidelines for biosimilar approval. [2] [3] [4] [5] 7 Despite significant efficacy in many indications, access to and the number of patients able to benefit from biologic therapies is limited due to costs. 8 Biosimilars have the potential for improving patient care through savings and efficiencies for the health care system, increased access to biologic therapies, and broadening the number of treatment options available. As a result, availability of biosimilars could lead to expanded use of biologic therapies overall, which may result in better health outcomes.
Since an understanding of current patient awareness and knowledge is critical to development of patient education programs, we conducted a survey on biosimilars and biologic therapies. The objectives were to gain a baseline understanding of awareness, usage, and knowledge of biosimilars among patients, caregivers, and the general population in the US and the European Union (EU); uncover initial perceptions of biosimilars in comparison to originator biologics; to understand perceived benefits and drawbacks of clinical trials for future biosimilar testing; and identify whether advocacy groups impact patient willingness to try a biosimilar. This survey was conducted prior to the approval of any biosimilars in the US (although respondents could receive biosimilars through participation in clinical trials). So, differences were expected in awareness and attitudes versus the EU where biosimilars have been available for several years.
Methods respondents
Interviews were conducted from April 24 to May 19, 2014 in the US and the EU which included UK, France, Spain, Germany, and Italy. A random subset of individuals was selected by the recruiting agency using a random number generator and screened. Individuals were aged 18 years or older and recruited online from a nationally representative sample for each country (general population) or online and offline (diagnosed, diagnosed advocacy, and caregiver groups). No minimum education was required. Respondents had to be able to read the native language of the country in which they lived (English, French, German, Italian, or Spanish).
The following populations were included: • Diagnosed: Patients who had inflammatory bowel disease including Crohn's disease and ulcerative colitis, rheumatoid arthritis, or psoriasis (moderate to severe only; severity was self-reported by respondents) for $6 months and had seen a doctor in past 12 months about the particular condition, or who have had breast, lung, or colorectal cancer, or non-Hodgkin's lymphoma in the past 2 years.
• Diagnosed advocacy: Patients with the above-described diseases who had participated in support groups. These respondents were separate from the diagnosed group, not a subset.
• Caregiver: Individuals involved in decisions or dialogue about medication or therapy options for a loved one with these conditions. • General population: Individuals, aged 18-64 years, neither having any of the listed diseases nor having loved ones with these conditions; there was no limit for any other diseases in this group. The upper age limit was set to represent the general population, which tends to be younger than people with the diseases listed. No attempt was made to match respondents in this group to demographics of the patient or caregiver groups; nationally representative demographic targets were set for each country. The survey was divided into distinct sections, including medication-class awareness, usage, and knowledge about biologic and biosimilar therapies; perceptions of clinical trials; and involvement in advocacy groups. At the start of the survey, all respondents were assessed for their baseline awareness. Following this, all respondents were presented with definitions of biologics and biosimilars in the section evaluating medication awareness, usage, and knowledge. Perceptions about biologics and biosimilars were determined after the definition was provided. Respondents were also asked to indicate which attributes describe biologics and biosimilars very well in the section evaluating the perceptions of safety, efficacy, and access/use. The survey was based on respondent recall and personal opinions. Questions were pretested for understanding and interpretation, but not repeat validity.
Analysis
Statistical analyses were conducted among the diagnosed, diagnosed advocacy, caregiver, and general population groups in a region (US or EU) using the column proportions test, with a 95% confidence interval. France, Spain, Germany, Italy, and UK respondents were combined for the EU region. Due to the small sample size within each country in the EU, no statistical analyses were performed between countries. The column proportions test compares pairs of columns and assesses whether proportions of respondents in one column are significantly different from the other column. 9 No statistical analyses were conducted for positive and negative perceptions between patient subgroups aware or unaware of biosimilars, in either region.
Results
A total of 3,198 respondents were interviewed (Table 1) ; qualification rate of participants was not specifically determined, but was ~12% based on targeted efforts in the US. Demographics were generally similar among groups (Table S1 ). More respondents were from the combined EU Notes:
a Diagnosed with inflammatory bowel disease including Crohn's disease and ulcerative colitis, rheumatoid arthritis, or psoriasis (moderate to severe only) for $6 months and had seen the doctor in past 12 months about the particular condition, or have had breast cancer, lung cancer, colorectal cancer, or non-hodgkin's lymphoma in past 2 years.
b Diagnosed with any of the listed diseases and had heard of and participated in patient support groups. 
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Jacobs et al countries (n=1,957; 61.2%) than from the US (n=1,241; 38.8%). Approximately two-thirds of respondents (n=2,134; 66.7%) were in the diagnosed or diagnosed advocacy groups (ie, patients). The proportion of respondents in these groups was slightly higher in the US (n=880; 70.9%) than in the EU (n=1,254; 64.1%). The majority of respondents from the combined diagnosed, diagnosed advocacy, and caregiver groups had or had a loved one with an inflammatory disease (n=1,731; 70.7%), whereas ,30% had or had a loved one with cancer (n=718; 29.3%). Attitudes and awareness of caregivers generally reflected those of the diagnosed/ diagnosed advocacy groups; therefore, detailed results from the caregiver group are not presented.
Biologic therapy
The percentage of respondents reporting at least a "general awareness" of biologics (defined as reporting at least a general impression of biologics or knew the term "biologic") was higher among all the patient groups than in the general population; participation in advocacy groups further increased awareness of biologics (Table 2) . Specifically, a higher percentage of respondents in the diagnosed advocacy versus diagnosed groups reported at least a general impression of biologics (P,0.05) or knew the term "biologic" (P,0.05). In comparison with the general population, differences in the percentage of respondents reporting at least a general impression of biologics were significant for both the diagnosed and diagnosed advocacy groups (P,0.05), whereas the percentage of those reporting they knew the term "biologic" was significantly higher only in the US diagnosed advocacy group (P,0.05). Conversely, the percentage of respondents reporting they had never heard of biologics was significantly lower in the diagnosed advocacy groups than in the diagnosed and general population groups (P,0.05 for both comparisons). Differences between diagnosed and general population groups were also significant (P,0.05). Participation in advocacy groups was associated with a significant increase in the percentage of respondents reporting current use of biologic therapies, compared with patients not currently participating in support groups (P,0.05).
Biosimilars
Awareness of biosimilars was less across all groups in both US and EU respondents, with only 6%-30% reporting at least a general impression and up to 70% reporting they had never heard of biosimilars (Table 2) . Awareness was significantly higher in the diagnosed advocacy versus diagnosed (P,0.05) and general population (P,0.05) groups. The percentage of respondents reporting at least a "general impression of biosimilars" was higher in the EU diagnosed group than in the a Aged 18-64 years without any of the listed diseases or loved ones with these conditions. b Diagnosed with inflammatory bowel disease including Crohn's disease and ulcerative colitis, rheumatoid arthritis, or psoriasis (moderate to severe only) for $6 months and had seen their doctor in past 12 months about the particular condition, or who have had breast cancer, lung cancer, colorectal cancer, or non-hodgkin's lymphoma in past 2 years. Defined as reporting at least a general impression of biologics or knew the term "biologic" or "biosimilars".
e not all categories sum to 100% due to rounding.
f Use could include during participation in clinical trials at the time of the survey. 
941
Patient attitudes and understanding about biosimilars general population (P,0.05), whereas those reporting they knew the term "biosimilar" was significantly higher among US and EU respondents (P,0.05). Current use of biosimilars was significantly higher among US and EU respondents in the diagnosed advocacy groups compared with the diagnosed groups (P,0.05).
Biosimilar safety and efficacy perceptions
Several gaps in perceptions about biosimilars were noted between patients who were aware of biosimilars and those who were unaware (ie, those who answered "never heard of biosimilar"), regardless of their participation in advocacy groups. A higher percentage of patients who were aware of biosimilars reported positive perceptions of biosimilars than the respondents who were unaware of biosimilars (Figure 1) . The gaps in perceptions were generally consistent among US and EU patients who were aware or unaware of biosimilars.
Overall, the widest gap in perceptions was for efficacy. Specifically, higher percentages of patients aware of biosimilars agreed with the statement "biosimilars are the best option to treat the patient's condition" than the patients who were unaware. Similarly, the percentage of patients agreeing that biosimilars effectively treat their condition was higher among patients who were aware of biosimilars versus patients who were unaware.
Wide gaps in the perception of safety were also noted among patients aware of biosimilars than those unaware of them. The largest and most consistent gap was agreement with the statement "biosimilars are safe", with more patients who were aware of biosimilars agreeing with this statement. A wide difference in the percentage of patients who were comfortable switching to this medication also existed, with more patients who were aware of biosimilars agreeing with this statement. Although the gap was somewhat less, differences in the percentage of patients agreeing with the statement "biosimilars have minimal side effects" were also noted.
Differences in the perceptions about access and price of biosimilars were also considerable. The percentage of patients who agreed that biosimilars are affordable was much lower in the group of patients unaware of biosimilars versus those who were aware of them. The percentage of patients agreeing with the statement "biosimilars provide effective care at reasonable cost" was much higher among patients who were aware versus those who were unaware of biosimilars.
Biosimilar safety and efficacy perceptions versus biologics
When patients who were aware of biosimilars were asked about their perception of biosimilars relative to biologics, additional gaps were noted (Figure 2 ). Perception about safety and efficacy of biologics was slightly higher than for biosimilars, whereas perception about access and price favored biosimilars. The gaps overall were consistent among US and EU patients, but the gaps in perceptions about price and access were somewhat higher among EU respondents.
The widest gap in perception among patients aware of biosimilars was in regard to efficacy. The percentage of 
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Jacobs et al respondents agreeing "biologics are the best option to treat the patient's condition" was higher than those agreeing "biosimilars are the best option". Likewise, a higher percentage of respondents agreed "biologics effectively treat [their] condition" than that of those who agreed the same for biosimilars. Although there were gaps in the perceptions of safety favoring biologics, these gaps were narrower than for efficacy. More respondents agreed that biologics have minimal side effects, were comfortable switching to biologics, and that biologics are safe versus biosimilars. As noted, perception about access and price of biosimilars was higher than for biologics. The percentage of patients who agreed with "biosimilars are affordable" and "biosimilars provide effective care at reasonable cost" also was higher than for biologics.
clinical trial perceptions
Overall, the respondents had positive perceptions of clinical trials. More than half of the respondents agreed with the statement that clinical results are dependable. More than two-thirds of respondents agreed that clinical trials are important for advancing what we know about disease treatment, allow patients the opportunity to meet with specialists, and are worth their (patients') time. Many respondents from the diagnosed group were willing to participate in clinical trials: 24% of respondents from the US and 31% from the EU stated they were either "very interested" or "extremely interested" to participate in a clinical trial. More US and EU patients with inflammatory diseases (31% and 37%, respectively) expressed willingness to participate in clinical trials, compared to patients with cancer (21% and 31%, respectively).
The top three potential benefits that the respondents listed for clinical trial participation were: opportunities to gain access to new treatments for their condition, participation in the advancements of disease treatments, and playing an active role in their own health care. In contrast, perceived barriers led to 22%-30% of patients reporting no interest in joining a clinical trial. The top three reasons that the patients listed were: concerns about side effects, assignment to a placebo rather than active treatment, and time commitments required for participation.
Involvement in advocacy groups increased interest in participating in clinical trials. Compared with patients who did not participate in advocacy groups, the percentage of respondents from the diagnosed advocacy group who responded they were either "very interested" or "extremely interested" in participating in a clinical trial was significantly higher among both US (38%; P,0.05) and EU (43%; P,0.05) patients. However, involvement in advocacy groups did not influence overall attitudes about clinical trial participation. The most common potential benefits and perceived barriers were the same as those reported by respondents in the diagnosed group.
Factors influencing willingness to try biosimilars
One important factor that influenced patients' willingness to try a biosimilar was the manufacturer of that biosimilar. Among respondents in the diagnosed group, 28%-29% 
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Patient attitudes and understanding about biosimilars reported that the manufacturer's identity was "very influential" in their decision and another 10%-14% reported this was "extremely influential" in this decision. Among patients in the diagnosed advocacy group, manufacturer identity was an even greater factor in the decision to be prescribed a particular drug, whereas 46%-48% of respondents indicated the biosimilar manufacturer was "very" or "extremely" influential in their decision. Similarly, the manufacturer conducting a clinical trial was also considered a factor in the decision for patient involvement in clinical trials.
Discussion
This survey indicates several areas in which additional education about biosimilars, biologic therapies, and potential treatment options are necessary. Many respondents reported at least a general awareness of biologics, which was higher among respondents in the diagnosed advocacy versus the diagnosed groups; both groups had greater knowledge than the general population. These differences were not surprising since many patient advocacy groups are developed to provide support and education for patients. 10 Likewise, differences between patient groups and the general population likely reflect patient education by health care providers as part of disease treatment. However, a good portion of respondents in all groups had never heard of biologics, indicating there remains an unmet need for education about this class of drugs. Although not directly analyzed for significance, differences in the percentage of patients having a general awareness about biologics versus those just knowing the name may be due to differences in direct-to-consumer advertising in the US and the EU.
Awareness levels about biosimilars were similar to those reported for biologic therapies. However, overall awareness was much lower (vs biologics) among all respondents, indicating there is a great need for patient education about biosimilars across all groups. As with general awareness about biologics, awareness of biosimilars was significantly higher among respondents in the diagnosed advocacy group than in other groups, probably due to education programs. Again, although not compared statistically, some differences were noted in awareness about biosimilars among US and EU respondents. More EU versus US respondents in the diagnosed and diagnosed advocacy groups reported a general impression or knowing the name "biosimilar" or "current use" of a biosimilar. This is likely due to the fact that the survey was conducted prior to the recent US FDA approval of the first biosimilar (filgrastim-sndz; although respondents could receive biosimilars through participation in clinical trials), 1 whereas biosimilars have been available in the EU since 2006. 11 Another factor that may cause reduced awareness of biosimilars compared with biologic therapies is that patient information leaflets in some countries do not identify products as biosimilars. 12 The results reported in the current analysis are similar to those of a recent survey conducted by the American Autoimmune Related Diseases Association of 362 members (96% of whom reported living with an autoimmune disease) in which ~52% did not understand how biologics differ from chemical drugs and .80% did not know what biosimilar medicines were. 13 Taken together, these results indicate that patients need more education about biologic and biosimilar therapies.
The low awareness of biosimilars may be creating gaps in patient perceptions that impact their willingness to be prescribed biosimilar treatment. We identified several educational or informational topics that health care providers should discuss with patients, so that the patients could make informed decisions on treatment and overall care (Table 3) . For example, patients need some basic information about the regulatory requirements for demonstration of similar efficacy and safety of biosimilars compared with the originator (ie, licensed or marketed) biologic, so that they understand there is no clinically meaningful difference in efficacy or safety between the two treatments. 14, 15 This should help to alleviate any patient misconceptions that reductions in cost indicate that quality is not comparable. Similarly, patients need information about other factors that may impact their decisions, such as access and product use. 16 In addition, some patients have reservations about taking biologic therapies in Table 3 checklist for health care providers of the information needed for patients to make informed decisions about biosimilar use/health care 
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general and may be hesitant to take biosimilars because they are biologic drugs. Therefore, it is important that patient education packages include materials about the use of biologics in the treatment of their disease. Since caregiver perceptions generally reflect those of patients, education regarding biologic therapies and biosimilars should be developed in parallel to those of patients.
One potential resource for developing and expanding patient education is through partnerships between health care providers and advocacy groups. Many advocacy groups were developed out of a need to provide patient support and education and so, they are considered important stakeholders in patient education. 17 Partnerships with advocacy groups may help educate patients who are already more engaged, more opinionated, and have relatively positive attitudes toward biosimilars, such as those represented by respondents in the diagnosed advocacy group in this study. However, all patients, regardless of their involvement with advocacy, will benefit through these partnerships.
A key area in which to develop informative educational programs concerns clinical trial participation. Overall, respondents had positive perceptions of clinical trials. The perceived barriers and reasons cited by patients who reported hesitancy about joining a clinical trial (ie, concerns about side effects, being assigned to a placebo, time commitments required for participation, maintenance of adequate response, and trust) were generally similar to those reported in past surveys of patient attitudes toward clinical research in cancer and noncancer trials. [18] [19] [20] One difference noted in the current survey as compared with earlier surveys was between patients with cancer versus those with inflammatory diseases regarding their willingness to participate in clinical trials. In this survey, more patients with inflammatory diseases expressed willingness to participate in clinical trials. This may be due to misconceptions about required randomization to placebo treatment in biosimilar clinical trials, since this was a major reason reported for nonparticipation in prior surveys. 19 Since all biosimilar clinical trials for patients with active disease involve comparison only to the active comparator (originator biologic) with no placebo arm, this is a clear-cut area for educational activity. Alternatively, differences in willingness may reflect distinctions in patient needs in these conditions, including changing standard of care for biosimilar trials.
Specific patient educational information is needed regarding participation in clinical trials, particularly those investigating potential biosimilars. 20 In the survey, about one-third to one-half of patients diagnosed with cancers responded hesitantly because they responded, "I'm not guaranteed to be on an active medication". This finding from the survey suggests that patients' education about clinical trials of potential biosimilars should include only the active medications (eg, standard care in a therapeutic area) of both the active originator and the active potential biosimilar to compare efficacy and safety. This clarification should help to alleviate hesitancy to participate due to concerns that the patient may not be administered an active medication. Patients also need to understand that by the time potential biosimilars reach Phase III clinical trials, a considerable amount of evidence already demonstrates similarity to the originator biologic. Products approved under the stringent requirements of the European Medicines Agency, FDA, Health Canada, or the World Health Organization biosimilar pathways have a considerable amount of data supporting similarity to the originator biologic, and regulatory decisions for approval are based on the "totality of the evidence" supporting the biosimilar in comparison to the originator ( Figure S1 ). [3] [4] [5] 7 As described in a recent review by Socinski et al, 21 the current pathways for regulatory approval of a biosimilar typically include a stepwise approach with extensive stateof-the-art characterization (analytical) studies and nonclinical studies, as well as a tailored clinical trial program to assess and confirm similarity of the potential biosimilar to the originator. Since patient benefit was demonstrated through the clinical studies conducted for the originator, the focus of the clinical program for biosimilars is to show similarity of the potential biosimilar to the originator. It is important to remember that clinical trials for potential biosimilars specifically designed to confirm similarity generally include only the potential biosimilar and the originator for comparison, with no placebo group. As a result, health care providers involved in clinical trials should be well informed about the expected efficacy and safety of a potential biosimilar, since these should be similar to the marketed originator.
Since involvement in an advocacy group impacts patients' willingness to participate in clinical trials, a partnership between health care providers and advocacy groups may be beneficial for patient care and treatment decisions. 10, 17 In addition, since the results of this survey indicated that manufacturer identity is an important factor influencing willingness to be prescribed a biosimilar or participate in a clinical trial, partnerships between advocacy groups and biosimilar developers may be beneficial for both parties in the development of patient education materials, as well as increasing enrollment in clinical trials. Limitations to this study were the differences in some demographics between patient and caregiver groups versus the general population, including access to and prior use of biologics and biosimilars, limited geographic distribution of respondents, conducting the survey only on laptop or desktop computers, requirement that respondents be able to read the native language of the country in which they lived, the use of closed-ended questions in the survey, and the lack of repeat validity testing.
Conclusion
Gaps exist in knowledge and perceptions about the use of biologic and biosimilar therapies in disease treatment. Patient education programs, developed in partnership with advocacy groups should provide patients with the necessary information to make informed decisions about the use of these products. Additional studies and follow-ups could be conducted to determine whether and how attitudes change with education.
